We report Fermi/LAT observations and broad-band spectral modeling of the radioloud active galaxy 4C +55.17 (z=0.896), formally classified as a flat-spectrum radio quasar. Using 19 months of all-sky survey Fermi/LAT data, we detect a γ-ray continuum extending up to an observed energy of 145 GeV, and furthermore we find no evidence of γ-ray variability in the source over its observed history. We illustrate the implications of these results in two different domains. First, we investigate the origin of the steady γ-ray emission, where we re-examine the common classification of 4C +55.17 as a quasar-hosted blazar and consider instead its possible nature as a young radio source. We analyze and compare constraints on the source physical parameters in both blazar and young radio source scenarios by means of a detailed multiwavelength analysis and theoretical modeling of its broad-band spectrum. Secondly, we show that the γ-ray spectrum may be formally extrapolated into the very-high energy (VHE; ≥ 100 GeV) range at a flux level detectable by the current generation of ground-based Cherenkov telescopes. This enables us to place constraints on models of extragalactic background light (EBL) within LAT energies and features the source as a promising candidate for VHE studies of the Universe at an unprecedented redshift of z=0.896.
Introduction

10
The radio-loud active galaxy 4C +55.17 (0954+556), formally classified as a flat spectrum were modeled with their flux and spectral parameters set free, while those sources that fell outside 118 the 10 • ROI were fixed at their catalog values. The diffuse background was modelled using the 119 recommended 24 Galactic diffuse gll iem v02.fit along with the corresponding isotropic spectral 120 template isotropic iem v02.txt.
121
Prior to fitting the spectrum, the high energy photons attributable to the 4C +55.17 position
122
(both radio and γ-ray) were found by comparing the energy and incoming angle θ (defined with 123 respect to the spacecraft zenith) of each photon within the ROI to the 95% containment radius 124 of the point spread function defined by the P6 V3 DIFFUSE IRFs. Included among those photons 125 was a 145 GeV event at an angular separation of 0.06 • (R.A. = 09 h 58 m 03 s , Decl. =55 • 24 ′ 00 ′′ ) from the broken power law fixed at the peak in the νF ν representation (E br ∼ 1.6 GeV). The maximum 139 energy of 20 GeV was chosen in order to avoid fitting any portion of the spectrum that may be 140 significantly attenuated by the EBL. A likelihood ratio test (Mattox et al. 1996) resulted in a 4.1σ 141 improvement of the broken power law over the single power law used in previous analyses of the 142 source (Abdo et al. 2009a (Abdo et al. , 2010a , as compared to a 3.8σ improvement over the power law from the 143 log parabola. We therefore consider the broken power law to be the most accurate representation 144 of the intrinsic γ-ray spectrum of the source.
145
To test the γ-ray variability over the 19-month period, we made light curves in time bins of 7 146 and 28 days. Due to the limited statistics over each interval, the source was fit to a single power- to the weighted mean of all > 3σ detections. This test yielded a χ 2 probability P (χ 2 ≥ χ 2 obs )
153
of 0.96 and 0.87 for the 7 day and 28 day light curves, respectively, and was thus in agreement 154 with the tested hypothesis. We therefore found no evidence of variability in γ-rays over the 19-155 month LAT observing period, consistent with the previous 11-month lightcurve analysis (∼ 30 day 156 bins) from Abdo et al. (2010a) . In addition, the weighted mean for this period was found to be in order to check the X-ray state of the source. We used the xrtgrblc script (available in the HEASoft X-ray portion of the spectrum.
183
In the hard X-rays, data from the Swift/BAT (Ajello et al. 2008 (Ajello et al. , 2009 shows the fluxes to be equal between these two periods.
205
In the near-infrared, we included historical data from the 2MASS Point Source Catalog (Cutri et al. a ratio of total to selective absorption at V equal to R V = 3.09 (Rieke & Lebofsky 1985 tified as a γ-ray emitter in 1FGL/1LAC, with a GeV flux nearly an order of magnitude higher than 261 the lower limit of the complete flux-limited subsample within the 1LAC catalog (Abdo et al. 2010b ).
262
This would immediately set the object apart as an outstanding member of its class. In addition, the emission, resulting in a lower turnover frequency compared to that of GPS galaxies. In this case,
283
the relatively high polarization of 4C +55.17 (as for a young radio source) would find a natural and 284 straightforward explanation as well.
285
In considering the hypothesis outlined above, and in order to investigate the γ-ray emission given linear size of the system, which is uniquely related to a particular age of the system, the 297 observed broad-band emission spectrum is given as a snapshot of the evolving multiwavelength 298 radiation of the lobes. Based on this model, Stawarz et al. (2008) argued that, in fact, young radio 299 galaxies should be detected by Fermi/LAT at GeV photon energies, albeit at low flux levels and 300 after an exposure longer than one year. Other (physically distinct) scenarios for the production 301 of soft, high energy, and VHE γ-rays in the lobes and hotspots of young radio galaxies have been 
303
In the more detailed description of the model, the jets with total kinetic power (L j ) propagate 304 with the advance velocity (v h ) in the interstellar medium, characterized by a given number density
305
(n ext ). At a particular instant of the source evolution, the inflated lobes will have a corresponding 306 linear size (LS). The electrons injected through the termination shock into the lobes with the -11 -intrinsically broken power-law energy distribution cool due to the synchrotron and IC processes.
308
The most relevant ambient photon fields for the IC scattering are the UV emission of the accretion 309 disk (mean photon energy ε disk = 10 eV, disk luminosity L disk ), the starlight (ε star = 0.83 eV,
310
host luminosity L star ), and the infrared emission of the obscuring nuclear torus (ε dust = 0.02 eV, 311 dust luminosity L dust ). The magnetic field intensity is expressed in terms of the ratio of energy 312 densities stored in the radiating electrons and the magnetic field, U e /U B , which is constant during 313 the expansion of the radiating plasma. Note, however, that U e and U B , as well as the energy 314 densities of the ambient photon fields (and hence the electron cooling conditions) do change with 315 time, and therefore depend on LS (see Stawarz et al. 2008 , for more details).
316
The fit of the "young radio source" model to the collected broad-band dataset for 4C +55.17 317 is illustrated in Figure 3 . In fitting the SED, we assume that the projected source size of the inner 318 radio structure (LS ≃ 400 pc) is equal to the actual source size, though we note that this may be the broadband SED, the following model-free parameters were obtained: quite successfully all the relevant data points within the low-frequency (radio) and high-frequency
329
(hard X-ray to γ-ray IC component) ranges; it also reproduces nicely the spectral break within the
330
Fermi/LAT photon energy range. We note that in our modeling here and below we do not consider 
334
Looking closely at the UV part of the spectrum, we note an approximate factor of two differ- 
341
This can account for the ∼ 30% variation over seven years seen between the optical measurements 342 from UVOT and SDSS (see § 2.2). On the other hand, the CSO-related non-thermal IC emission is 343 expected to be non-variable in accordance with the observations, because this emission is produced within the hundred-pc-scale and sub-relativistictically expanding lobes, and hence the UV photons 345 seen by the lobes' electrons will be averaged over the entire spatial extent of the radio structure. .
351
Yet it should be also noted that the particular CSO model presented here cannot account for the 352 millimeter-to-near infrared emission of 4C +55.17. In the framework of the discussed scenario, this 353 has to be attributed to the radiation of the underlying jet, and not of the compact lobes.
354
The physical parameters of 4C +55.17 emerging from the model fit presented above may be 355 compared with the physical parameters of bona fide young radio galaxies derived in the framework 
we thus obtain L disk ≃ 1.2 × 10 46 erg s −1 , which again falls within a factor of two of the value 367 obtained through the model, consistent with the level of uncertainty expected using this method. 
Blazar Modeling
369
As already noted in the introduction, the lack of pronounced variability and resolved VLBI 370 structure in 4C +55.17 would make it a highly unusual case of a blazar/FSRQ. Still, it is a worth- between the "blazar" and "young radio source" scenarios.
380
In order to model the broad-band spectrum of 4C +55.17 as a blazar emission, we apply the dy- 
394
The BLAZAR fit to the broad-band spectrum of 4C +55.17 is shown in Figure 4 . The fit was within the near infrared and X-ray domains, hence future constraints on the hard X-ray and near 410 infrared spectra, along with continued monitoring from the radio to the γ-ray band, should be 411 considered as a potential way of discriminating between the two scenarios.
412
In comparing these two models, we also note the important difference between the blazar , which naturally accounts for the particularly high intrinsic radio luminosity of these sources, being comparable to the most powerful radio galaxies and quasars (Readhead et al. 423 1996). Likewise, when modeling 4C +55.17 as a CSO, the radiative efficiency was similarly high.
424
The improved radiative efficiency of CSO sources, together with the relatively high jet kinetic power 425 implied by the young radio source scenario (higher than that implied by the blazar model), can 426 thus account for the observed γ-ray luminosity even in the absence of relativistic beaming.
427
While the CSO-type and blazar modelings of the broad-band spectrum of 4C +55.17 can both 428 account for the γ-ray emission from the source, we find the implied value for the bulk Lorentz 429 factor Γ j ≃ 12 under the blazar scenario difficult to reconcile with its observed VLBI properties.
430
The physical mechanism responsible for the steady γ-ray emission is also not easily explained γ-ray) emission of radio-loud quasars with CSO-type inner radio morphology, such as, e.g., 3C 186.
437
Objects of that type might be very common in scenarios of intermittent jet production in active 
467
To test the validity of particular models of the EBL using the 4C +55.17 spectrum, we followed was fixed to 1. In cases where the τ γγ normalization was reduced, a rejection at the level of n 477 standard deviations (σ) of the particular model could be established using the formula:
where L fixed and L free are the likelihood values of the fits for fixed and free normalizations on 479 τ γγ , respectively. Using these results, we were able to reject two separate models at > 3σ signif- at the observed redshift and energies.
500
With its excellent sensitivity in the high-energy range, the LAT instrument provides a unique 501 opportunity to search for VHE candidates at high redshifts through detailed spectral analysis of the
502
Fermi data. In the case of 4C +55.17, the attenuated high-energy spectrum obtained from fitting the 503 nine often discussed EBL models is illustrated in Figure 7 . Each spectrum is extrapolated beyond 504 the highest observed photon energy of 145 GeV and compared against the typical differential flux 505 sensitivity curves of currently operating TeV telescopes. With the exception of the four "highest-
506
level" EBL models (including the two models ruled out by the present work), the observed 4C +55.17 507 spectrum is found to lie at the observable threshold for ground-based observations. It is also worth 508 noting that while intrinsic absorption from interactions with the UV disk and infrared torus may 509 contribute to the spectral attenuation at energies > 100 GeV, this effect would be reduced in cases
510
where the γ-ray emission takes place at hundreds-of-parsecs scale distances from the central black 511 hole, for which there is compelling evidence in the case of 4C +55.17 (see § 3.1.1). In addition,
512
with the present analysis we find no evidence of variability in 4C +55.17 over 19 months of LAT 513 observing time, and furthermore we find its flux to be consistent with the EGRET measured value,
514
thus showing no evidence of variability at γ-ray energies over decade timescales as well. The 515 non-variable γ-ray continuum of the source thus promises the opportunity to observe it over the 516 extended timescales required for a 5σ detection. This is in contrast to the other VHE-detected 517 quasars, which were detected only during periods where the sources were in a flaring state. In this 518 way 4C +55.17 stands apart from all of the EBL-constraining sources considered in Abdo et al.
519
(2010c), as it holds the greatest potential for providing future constraints. France.
To further investigate the VHE detection of the source, the 145 GeV event was analyzed in 562 detail using the event display 28 and found to be a clean γ-ray event, going through more than 563 half a tracker tower before interacting in the back planes and generating a well-behaved symmetric 564 shower in the calorimeter. A full Monte Carlo simulation was also run in order to determine the 565 accuracy of the energy reconstruction. A total of 500, 000 γ-rays between the energies 50 and 566 200 GeV were simulated at an incoming angle θ and φ equivalent to that of the measured event.
567
Data selection cuts were applied on all similar variables, including cuts on the calorimeter raw 568 energy, best measured energy, reconstructed direction, and event class level. The distribution in
569
Monte Carlo energy for the remaining events was found to give a ∼ 1σ error of ±11 GeV.
570
The probability of the 145 GeV event occurring by random coincidence from background con-571 tamination was calculated using the gtsrcprob analysis tool. Probabilities of each event are as-
572
signed via standard likelihood analysis to all sources within a provided best-fit model (Mattox et al.
573
1996). The probability that a photon is produced by a source i is proportional to M i , given by the 574 formula:
where S i (ε,p) is the predicted counts density from the source at energy ε and positionp, and 576 R(ε ′ ,p ′ ; ε,p, t) is the convolution over the instrument response. In this way, all the surrounding point 577 sources, the diffuse background, and their corresponding best-fit spectra are taken into account 578 when assigning probabilities to individual photon events. For the 145 GeV event, the probability of 579 spurious association with 4C +55.17 was found to be 1.8 × 10 −3 , agreeing well with an independent 580 method by Neronov et al. (2010) , who quote a chance probability by background contamination of general with an exponential cutoff given by the formula: 
Defining the quantity
the appropriate solution for N 0 may be substituted into equation B1 to obtain:
To construct the differential flux sensitivity curves, we obtained the values Γ = 2.12 and E c = 100
592
GeV by performing a gtlike fit of the > 1. . 1999) , ROSAT, Chandra, SDSS, 2MASS, 5-year integrated WMAP, and historic radio data are also included, as well as archival VLA measurements (black triangles) of the inner ∼ 400pc radio structure (see § 2.2). De-absorption of the observed Fermi spectral points using the Finke et al. (2010) EBL model was applied in order to properly model the intrinsic γ-ray spectrum. Black curves indicate the total non-thermal emission of the lobes, with the long-dashed/green representing the contribution from synchrotron self-Compton (SSC). Dashed/pink, dash-dot-dotted/gray, and dash-dotted/blue blackbody-type peaks represent the dusty torus, starlight, and the UV disk emission components, respectively, along with their corresponding inverse-Compton components as required by the model. Fig. 4 .-Blazar fit using multi-wavelength data for 4C +55.17. Indicated are the individual contributions from synchrotron and SSC (long-dashed/green), as well as IC scattering off of the reprocessed UV disk emission from the broad line region (dash-dotted/blue), dusty torus (dashed/pink), and host galaxy (dash-dot-dotted/gray); the black curve indicates the total of these components. As in Fig. 3 , the dashed/pink, dash-dot-dotted/gray, and dash-dotted/blue blackbody-type peaks represent the dusty torus, starlight, and the UV disk emission components, respectively, along with their corresponding inverse-Compton components as required by the model. The de-absorbed spectrum shows the non-physical behavior of an unbounded exponential rise up to the observed LAT energy of 145 GeV. This trend, which is preferred by 3.9σ over a single power law, increases the intrinsic spectrum by two orders of magnitude above the observed inverse Compton peak and requires the modeling of an additional (and unknown) spectral component (see Figures 3 and 4) . Fig. 7. -The observed LAT spectrum fit to a broken power law with attenuation from 9 different EBL models. The spectra are extrapolated beyond the observed energy of 145 GeV and compared against the MAGIC II and VERITAS differential flux sensitivity curves for a 50 hour, 5σ detection of a source characterized by an exponentially decreasing spectrum (see Appendix B). For several EBL models, the 4C +55.17 spectrum is found to intercept with both the VERITAS and MAGIC II sensitivities, making 4C +55.17 a viable candidate for future ground-based VHE observations.
